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(54) POLYOELFIN FINE POROUS MEMBRANE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide polyolefin fine porous membranes 
excellent in permeation performance and mechanical strengths, reduced in 
bends or the like at the time of molding and excellent in retention volume of an 
electrolyte. 

SOLUTION: A desired polyolefin fine porous membrane is made of a polyolefin 
composition comprising 70-95 wt.% polyethylene having a weight average 
molecular weight of 5x 1 05 or more or polyethylene composition thereof and 5-30 
wt.% polypropylene having a weight average molecular weight of 1 x104 or more. 
In this instance, the thickness variation within an adjoining area of 1 mm2 in 
every area direction in the surface of the membrane is rendered ±1 pm or more 



to cause microscopic recesses and projections on the surface of tlie polyolefin 
fine porous membrane and as a result, the moldabiiity, the permeability and 
retention of an electrolyte are improved. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Polyolefine fine porosity film whose thickness fluctuation of less than 
1 mm of right-and-left four way types with which weight average molecular weight 
is the polyolefine fine porosity film which consists of 5x105 or more polyethylene 
or 70 - 95 % of the weight of a polyethylene constituent of those, and a 
polyolefine constituent with which weight average molecular weight contains 5 - 
30 % of the weight of 1x104 or more polypropylene, and adjoins each other in 
the direction of a field on the front face of the film is **1 micrometers or more. 
[Claim 2] The separator for cells which consists of polyolefine fine porosity film 
according to claim 1 . 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polyolefine fine porosity film 
which has the function which was excellent in the permeability of the electrolytic 
solution, and holdout while it is excellent in the penetrable ability and the 
mechanical strength which are used for the separator for cells etc. in more detail 
about the polyolefine fine porosity film. 
[0002] 

[Description of the Prior Art] The polyolefine fine porosity film is insoluble to an 
organic solvent, and to the electrolyte or the electrode active material, since it is 
stable, it is widely used as the separator of separator capacitors for large-sized 
cells, such as a separator of a cell especially a separator of the primary lithium 
ion and a rechargeable battery, and an electric vehicle, various kinds of 
demarcation membranes, the water treatment film, ultrafiltration membrane, a 
micro filter, or a base material of ****. 

[0003] The polyolefine fine porosity film of the high intensity and high elasticity 
using the polyolefine of ultrahigh molecular weight developed recently has small 
electric resistance, is thin, is excellent in mechanical strength, and is used as a 



separator for lithium cells. After weight average molecular weight fabricates a gel 
sheet from the solution which carried out the heating dissolution of the 7x105 or 
more ultrahigh-molecular-weight polyolefines in the solvent, carries out 
deliquoring processing of the solvent in said gel sheet and subsequently carries 
out heating extension as those manufacture approaches, for example, the 
method of manufacturing the fine porosity film is proposed by removing a 
residual solvent (JP, 3-1 05851, A). 

[0004] When It considered as the roll which is the configuration usually used, it 
was easy to generate deflection and flapping, and deformation took place with 
time by residual distortion, the electrode was [ when it involved in a cell as a 
separator for cells, it broke, or ] meanderingly exposed with extension conditions 
etc., and the polyolefine fine porosity film by the above-mentioned approach had 
the problem of not being desirable. Furthermore, when this polyolefine fine 
porosity film was used as a separator for cells, since an aperture was detailed 
and contact nature with an electrode was too good, there were comparatively 
few injection rates of the electrolytic solution as a cell erector, and there was a 
problem as a separator for cells large-sized at the high capacity represented by 
the cell for electric vehicles. 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, there is little deflection at 



the time of shaping etc., and the purpose of this invention is offering the 
polyolefine fine porosity film which was excellent in the amount of maintenance 
of the electrolytic solution while it is excellent In penetrable ability and a 
mechanical strength. 
[0006] 

[Means for Solving the Problem] this invention persons have improved the 
moldability and hit on an idea of the polyolefine fine porosity film which improved 
the permeability of the electrolytic solution and holdout being obtained to a 
header and this invention while they made the front face of the polyolefine fine 
porosity film produce microscopic irregularity and were excellent in penetrable 
ability and a mechanical strength by adding the polypropylene of the amount of 
specification to ultra high molecular weight polyethylene or its constituent, as a 
result of inquiring wholeheartedly, in order to attain the above-mentioned 
purpose. That is, this invention is polyolefine fine porosity film whose thickness 
fluctuation of less than 1mm of right-and-left four way types with which weight 
average molecular weight is the polyolefine fine porosity film which consists of 
5x105 or more polyethylene or 70 - 95 % of the weight of a polyethylene 
constituent of those, and a polyolefine constituent with which weight average 
molecular weight contains 5 - 30 % of the weight of 1x1 04 or more polypropylene, 
and adjoins each other in the direction of a field on the front face of the film is **1 



micrometers or more. 
[0007] 

[Embodiment of tiie Invention] The weight average molecular weight of the 
polyethylene used by this invention is polyethylene of the ultrahigh molecular 
weight of 1x106 to 15x106 preferably 5x105 or more. In the extension process at 
the time of manufacture of the fine porosity film, the maximum draw 
magnification has low weight average molecular weight at less than 5x105, and 
the target fine porosity film is not obtained. On the other hand, what exceeds 
15x106 although especially an upper limit is not restrictive is inferior to a 
moldability in formation of the gel moldings at the time of manufacture of the fine 
porosity film. Moreover, in this invention, in order to aim at improvement in 
high-concentration-izing of the below-mentioned polyolefine solution, and the 
reinforcement of the fine porosity film, the constituent of with a weight average 
molecular weight of 1x106 or more ultra high molecular weight polyethylene, and 
1x105 or more weight-average-molecular-weight less than 5x105 high density 
polyethylene can be used. The content in the polyethylene constituent of ultra 
high molecular weight polyethylene makes the whole polyethylene constituent 
100 % of the weight, and 1 % of the weight or more is desirable, and it is 10 - 
70 % of the weight more preferably. The weight average molecular 
weight/number average molecular weight furthermore used as a scale of the 



molecular weight distribution of said polyethylene or its polyethylene constituent 
are 5-50 preferably 300 or less. 

[0008] As polypropylene used by this invention, the gay polypropylene of 
3.0x1 04 to 1 .0x1 06 and an ethylene content can use [ weight average molecular 
weight ] 1 .0 or less % of the weight of an ethylene propylene random copolymer, 
an ethylene propylene block copolymer, etc. preferably 1.0x104 or more. 
Puncturing of the polyolefine fine porosity film with which weight average 
molecular weight is obtained less than by 1.0x104 becomes difficult, if an 
ethylene content exceeds 1 .0 % of the weight, the crystallinity of polyolefine will 
become low and puncturing of the polyolefine fine porosity film will become 
difficult. 

[0009] By adding polypropylene to polyethylene or its polyethylene constituent, 
microscopic irregularity arises on the front face of the obtained polyolefine fine 
porosity film. **1 micrometers or more of thickness fluctuation of less than 1mm 
of right-and-left four way types with which this microscopic irregularity adjoins 
each other in the direction of a field of a polyolefine film front face are **1 
micrometer - **3 micrometers preferably. There is [ thickness fluctuation ] no 
effectiveness in improvement in the holdout of the electrolytic solution at less 
than **1 micrometer, the amount of the polypropylene used by this invention ~ 5- 
of the whole polyolefine ~ it is 5 - 25 % of the weight preferably 30% of the 



weight. At less than 5 % of the weight, the irregularity distributed to homogeneity 
cannot be formed and the effectiveness on an electrolytic-solution maintenance 
disposition is not seen. [ much ] Moreover, if it exceeds 30 % of the weight, the 
reinforcement of the polyolefine fine porosity film will fall remarkably, if it 
increases further, polyethylene and polypropylene will carry out phase 
separation at the time of sheet forming, and shaping will become difficult. 
[0010] The polyolefine fine porosity film of this invention mixes and carries out 
after [ melting kneading ] extrusion molding of an organic liquefied object or the 
solid-state to the resin constituent which added polypropylene to polyethylene or 
a polyethylene constituent, and is obtained by giving extract and extension. 
Moreover, even if it adds non-subtlety fine particles into the mixture of a resin 
constituent and an organic liquefied object, or a solid-state, it does not interfere 
at all. After supplying the good solvent of polyolefine to a polyolefine constituent, 
preparing the solution of a polyolefine constituent as a desirable method of 
obtaining the polyolefine fine porosity film of this invention and extruding this 
solution in the shape of a sheet from the die of an extruder, it is the approach of 
removing the solvent which cools, forms a gel constituent, carries out heating 
extension of this gel constituent, and remains after an appropriate time. 
[0011] In this invention, the solution of the polyolefine constituent used as a raw 
material is prepared by carrying out the heating dissolution of the 



above-mentioned polyolefine constituent at a solvent. As this solvent, especially 
if polyolefine can fully be dissolved, it will not be limited. For example, although 
the mineral oil fraction corresponding to these in the hydrocarbon of aliphatic 
series, such as a nonane, Deccan, an undecane, a dodecane, and a liquid 
paraffin, or a ring type or the boiling point etc. is raised, in order to obtain a gel 
moldings with a stable solvent content, the solvent of a non-volatile like a liquid 
paraffin is desirable. The heating dissolution is performed kneading with 
churning or an extruder powerfully at the temperature which polyolefine 
dissolves completely. The temperature has the desirable range of 140-250 
degrees C. Moreover, the concentration of a polyolefine solution is 10 - 40 % of 
the weight preferably ten to 50% of the weight. At less than 10 % of the weight, 
in case the amount of solvents to be used fabricates about [ not being mostly 
economical ] and in the shape of a sheet, it becomes a swell and the neck In are 
large and difficult to fabricate concentration a sheet at a dice outlet. In addition, it 
is desirable to add an antioxidant, in order to prevent oxidation of polyolefine in 
the heating dissolution. 

[0012] Next, the heating solution of this polyolefine constituent is preferably 
extruded and fabricated from a die. a die - usually ~ a rectangular mouthpiece - 
although the sheet die which carried out the configuration is used, a double 
cylinder-like inflation die etc. can be used. The die gap at the time of using a 



sheet die is usually 0.1-5mm, and extrusion-molding temperature is 140-250 
degrees C. Under the present circumstances, an extrusion rate is usually a part 
for part [ for 20-30cm/], and 10m/. 

[0013] Thus, the solution extruded from the die is fabricated by the gel sheet by 
cooling. As for cooling, it is desirable to carry out the above rate by 
50-degree-C/below to setting temperature at least. If a cooling rate is generally 
slow, the higher order structure of the gel sheet obtained will become coarse, 
and the false cell unit which forms it will also become big, but if a cooling rate is 
quick, it will become a dense cell unit. By 50-degree-C/, by the following, degree 
of crystallinity rises and a cooling rate cannot serve as a gel sheet suitable for 
extension easily. As the cooling approach, cold blast, cooling water, the method 
of making other cooling media contact directly, the method of making the roll 
cooled with the refrigerant contact, etc. can be used, in addition, the solution 
extruded from the die - before cooling or under cooling - desirable ~ 1-10 ~ you 
may take over by the taking over ratio of 1-5 more preferably. It comes [ if a 
taking over ratio becomes ten or more, the neck in will become large, and / 
lifting-] to be easy of fracture at the time of extension and is not desirable. 
[0014] Next, it extends to this gel moldings. Extension heats a gel sheet and the 
combination of the usual tenter method, the rolling method, a tubular film 
process, the rolling-out methods, or these approaches performs it for a 



predetermined scale factor. Biaxial stretching is desirable although uniaxial 
stretching or biaxial stretching is sufficient as extension. Moreover, in the case of 
biaxial stretching, in-every-direction coincidence extension or any of serially 
extension is sufficient. Extension temperature is the range under of the crystal 
distribution temperature of polyolefine to a crystalline melting point preferably the 
melting point of +10 degrees C or less of polyolefine. Moreover, although draw 
magnification changes with thickness of an original fabric, in uniaxial stretching, 
more than twice are desirable and is three to 30 times more preferably. For a 
field scale factor, in biaxial stretching, 10 or more times is desirable, and they are 
15 to 400 times more preferably. Less than 10 times of extension are [ a field 
scale factor ] insufficient, and high elasticity and the fine porosity film of high 
intensity are not obtained. On the other hand, if a field scale factor exceeds 400 
times, constraint will arise in extension actuation etc. 

[0015] The obtained extension moldings removes the solvent which washes and 
remains with a solvent. As a washing solvent, the thing of the easy-volatility of 
ether, such as hydrocarbons fluoride, such as 3 chlorinated-hydrocarbons [, 
such as hydrocarbons, such as a pentane, a hexane, and a heptane, a 
methylene chloride, and 4 salt carbon ], ethane, etc. fluoride, diethylether, and 
dioxane, etc. can be used, these solvents are suitably chosen according to the 
solvent used for the dissolution of a polyolefine constituent, and are independent 



-- or it mixes and uses. The wasliing approach can be performed by the 
approach which is immersed in a solvent and extracted, the approach of carrying 
out the shower of the solvent, or the approach by these combination. 
[0016] The above washing is performed until the residual solvent in an extension 
moldings becomes less than 1% of the weight. Although a washing solvent is 
dried after that, the desiccation approach of a washing solvent can be performed 
by approaches, such as stoving and an air dried. As for the dry extension 
moldings, it is desirable to carry out heat setting in the temperature requirement 
of crystal distribution temperature - the melting point. 

[0017] If the polyolefine fine porosity film manufactured as mentioned above has 
the small deflection when making it the Maki slit, and there are many amounts of 
maintenance of the electrolytic solution and it is used as a separator for cells, it 
can make the capacity high. In addition, the obtained polyolefine fine porosity 
film can perform surface qualification of hydrophilization processing of a plasma 
exposure, surfactant sinking in, a surface graft, etc. further if needed. 
[0018] 

[Example] Although an example is given to below about this invention and being 
further explained to a detail, especially this invention is not limited to an example. 
In addition, the test method in an example is as follows. 
(1) Thickness : the cross section was measured with the scanning electron 



microscope. 

(2) Thickness fluctuation : thickness distribution of the polyolefine fine porosity 
film was measured continuously by the 0.1 -micrometer high resolution by film 
SHIKKUNESU circuit tester KGby ANRITSU CORP.601A, and thickness 
distribution was measured. 

(3) Breaking strength : it is ASTM about the breaking strength of a width-of-face 
a strip specimen of 15mm. It measured based on D882. 

(4) Air permeability : JIS It measured based on P81 17. 

(5) Deflection : the deflection when beginning to roll 60mm width of face and the 
roll which carried out the slit to the 500m volume 1m was measured. 

(6) The amount of electrolytic solutions : the amount of electrolytic solutions 
which pours in the electrolytic solution (propylene carbonate) from a side, and 
can be poured into the fine porosity film was measured, compressing a 
lOcmxIOcm sample by the ten-sheet pile and the pressure of 5kg. 

[0019] Example 1 weight average molecular weight obtained the polyolefine 
constituent with which 20 % of the weight (UHMWPE) of ultra high molecular 
weight polyethylene of 2.5x106, 60 % of the weight (HDPE) of high density 
polyethylene of 3.5x105, and weight average molecular weight added the 
antioxidant 0.375 weight section to the polyolefine constituent 100 weight 
section which the polypropylene of 5.1x105 becomes from 20 % of the weight. 



This polyolefine constituent 30 weight section was supplied to the twin screw 
extruder (58mmphi, ratio-of-iength-to-diameter=42, strong kneading type). 
Moreover, the liquid paraffin 70 weight section was supplied fronn the side feeder 
of this twin screw extruder, melting kneading was carried out by 200rpm, and the 
polyolefine solution was prepared in the extruder. 

[0020] Then, it extruded at 190 degrees C from the T die installed at the tip of 
this extruder, and the gel sheet was fabricated while the cooling roller took over. 
Then, coincidence biaxial extension was performed for this gel sheet to 5x5 at 
115 degrees C, and the extension film was obtained. After carrying out extract 
removal of the liquid paraffin which washes the obtained extension film with a 
methylene chloride, and remains, desiccation and heat treatment were 
performed and the polyolefine fine porosity film was obtained. The result of 
physical-properties evaluation of this polyolefine fine porosity film is shown in 
Table 1. 

[0021] In example 2 example 1, the fine porosity film was obtained like the 
example 1 except having changed into the value which shows the amount of a 
resin constituent and the liquid paraffin used In Table 1. The result of 
physical-properties evaluation of the obtained polyolefine fine porosity film is 
shown in Table 1. 

[0022] In example 3 example 1, the fine porosity film was obtained like the 



example 1 except having changed into the value which shows the amount of the 
polypropylene used in Table 1 . The result of physical-properties evaluation of 
the obtained polyolefine fine porosity film is shown in Table 1 . 
[0023] In example 4 example 1, the fine porosity film was obtained like the 
example 1 except having changed into the value which shows the molecular 
weight and the amount of the polypropylene used in Table 1. The result of 
physical-properties evaluation of the obtained polyolefine fine porosity film is 
shown in Table 1 . 

[0024] In example of comparison 1 example 1, the fine porosity film was 
obtained like the example 1 except not using polypropylene. The result of 
physical-properties evaluation of the obtained polyolefine fine porosity film is 
shown in Table 1. 

[0025] Microscopic irregularity has arisen on the film front face, the polyolefine 
fine porosity film of this invention illustrated by examples 1-4 has little deflection 
at the time of shaping, and there are many amounts of electrolytic-solution 
maintenance so that clearly from Table 1. On the other hand, the polyethylene 
fine porosity film from the constituent which does not add polypropylene does 
not have microscopic irregularity in a film front face, the deflection at the time of 
shaping is large, and there are few amounts of electrolytic-solution maintenance 
(example 1 of a comparison). 
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[0027] 

[Effect of the Invention] Its deflection at the time of shaping can be small, and 
there are many amounts of electrolytic-solution maintenance, since the 
polyolefine fine porosity film of this invention is in high intensity and high 
permeability, its safety is high, and when using as a separator for high capacity 
lithium cells, it can greatly be trusted in respect of safety. 
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(54) POLYOELFIN FINE POROUS MEMBRANE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide polyolefin fine porous membranes 
excellent in permeation performance and mechanical strengths, reduced in 
bends or the like at the time of molding and excellent in retention volume of an 
electrolyte. 

SOLUTION: A desired polyolefin fine porous membrane is made of a polyolefin 
composition comprising 70-95 wt.% polyethylene having a weight average 
molecular weight of 5x 1 05 or more or polyethylene composition thereof and 5-30 
wt.% polypropylene having a weight average molecular weight of 1 x104 or more. 
In this instance, the thickness variation within an adjoining area of 1 mm2 in 
every area direction in the surface of the membrane is rendered ±1 pm or more 



to cause microscopic recesses and projections on the surface of the polyolefin 
fine porous membrane and as a result, the moldability, the permeability and 
retention of an electrolyte are improved. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Polyolefine fine porosity film whose thickness fluctuation of less than 
1 mm of right-and-left four way types with which weight average molecular weight 
is the polyolefine fine porosity film which consists of 5x105 or more polyethylene 
or 70 - 95 % of the weight of a polyethylene constituent of those, and a 
polyolefine constituent with which weight average molecular weight contains 5 - 
30 % of the weight of 1x104 or more polypropylene, and adjoins each other in 
the direction of a field on the front face of the film is **1 micrometers or more. 
[Claim 2] The separator for cells which consists of polyolefine fine porosity film 
according to claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polyolefine fine porosity film 
which has the function which was excellent in the permeability of the electrolytic 
solution, and holdout while it is excellent in the penetrable ability and the 
mechanical strength which are used for the separator for cells etc. in more detail 
about the polyolefine fine porosity film. 
[0002] 

[Description of the Prior Art] The polyolefine fine porosity film is insoluble to an 
organic solvent, and to the electrolyte or the electrode active material, since it is 
stable, it is widely used as the separator of separator capacitors for large-sized 
cells, such as a separator of a cell especially a separator of the primary lithium 
ion and a rechargeable battery, and an electric vehicle, various kinds of 
demarcation membranes, the water treatment film, ultrafiltration membrane, a 
micro filter, or a base material of ****. 

[0003] The polyolefine fine porosity film of the high intensity and high elasticity 
using the polyolefine of ultrahigh molecular weight developed recently has small 
electric resistance, is thin, is excellent in mechanical strength, and is used as a 



separator for lithium cells. After weight average molecular weight fabricates a gel 
sheet from the solution which carried out the heating dissolution of the 7x105 or 
more ultrahigh-molecular-weight polyolefines in the solvent, carries out 
deliquoring processing of the solvent in said gel sheet and subsequently carries 
out heating extension as those manufacture approaches, for example, the 
method of manufacturing the fine porosity film is proposed by removing a 
residual solvent (JP, 3-1 05851, A). 

[0004] When it considered as the roll which is the configuration usually used, it 
was easy to generate deflection and flapping, and deformation took place with 
time by residual distortion, the electrode was [ when it involved in a cell as a 
separator for cells, it broke, or ] meanderingly exposed with extension conditions 
etc., and the polyolefine fine porosity film by the above-mentioned approach had 
the problem of not being desirable. Furthermore, when this polyolefine fine 
porosity film was used as a separator for cells, since an aperture was detailed 
and contact nature with an electrode was too good, there were comparatively 
few injection rates of the electrolytic solution as a cell erector, and there was a 
problem as a separator for cells large-sized at the high capacity represented by 
the cell for electric vehicles. 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, there is little deflection at 



the time of shaping etc., and the purpose of this invention is offering the 
polyolefine fine porosity film which was excellent in the amount of maintenance 
of the electrolytic solution while it is excellent in penetrable ability and a 
mechanical strength. 
[0006] 

[Means for Solving the Problem] this invention persons have improved the 
moldability and hit on an idea of the polyolefine fine porosity film which improved 
the permeability of the electrolytic solution and holdout being obtained to a 
header and this invention while they made the front face of the polyolefine fine 
porosity film produce microscopic irregularity and were excellent in penetrable 
ability and a mechanical strength by adding the polypropylene of the amount of 
specification to ultra high molecular weight polyethylene or its constituent, as a 
result of inquiring wholeheartedly, in order to attain the above-mentioned 
purpose. That is, this invention is polyolefine fine porosity film whose thickness 
fluctuation of less than 1mm of right-and-left four way types with which weight 
average molecular weight is the polyolefine fine porosity film which consists of 
5x105 or more polyethylene or 70 - 95 % of the weight of a polyethylene 
constituent of those, and a polyolefine constituent with which weight average 
molecular weight contains 5- 30 % of the weight of 1x104 or more polypropylene, 
and adjoins each other in the direction of a field on the front face of the film is **1 



micrometers or more. 
[0007] 

[Embodiment of the Invention] The weight average molecular weight of the 
polyethylene used by this invention is polyethylene of the ultrahigh molecular 
weight of 1x106 to 15x106 preferably 5x105 or more. In the extension process at 
the time of manufacture of the fine porosity film, the maximum draw 
magnification has low weight average molecular weight at less than 5x105, and 
the target fine porosity film is not obtained. On the other hand, what exceeds 
15x106 although especially an upper limit is not restrictive is inferior to a 
moldability in formation of the gel moldings at the time of manufacture of the fine 
porosity film. Moreover, in this invention, in order to aim at improvement in 
high-concentration-izing of the below-mentioned polyolefine solution, and the 
reinforcement of the fine porosity film, the constituent of with a weight average 
molecular weight of 1x106 or more ultra high molecular weight polyethylene, and 
1x105 or more weight-average-molecular-weight less than 5x105 high density 
polyethylene can be used. The content in the polyethylene constituent of ultra 
high molecular weight polyethylene makes the whole polyethylene constituent 
100 % of the weight, and 1 % of the weight or more is desirable, and it is 10 - 
70 % of the weight more preferably. The weight average molecular 
weight/number average molecular weight furthermore used as a scale of the 



molecular weight distribution of said polyethylene or its polyethylene constituent 
are 5-50 preferably 300 or less. 

[0008] As polypropylene used by this invention, the gay polypropylene of 
3.0x1 04 to 1 .0x1 06 and an ethylene content can use [ weight average molecular 
weight ] 1 .0 or less % of the weight of an ethylene propylene random copolymer, 
an ethylene propylene block copolymer, etc. preferably 1.0x104 or more. 
Puncturing of the polyolefine fine porosity film with which weight average 
molecular weight is obtained less than by 1.0x104 becomes difficult, if an 
ethylene content exceeds 1 .0 % of the weight, the crystallinity of polyolefine will 
become low and puncturing of the polyolefine fine porosity film will become 
difficult. 

[0009] By adding polypropylene to polyethylene or its polyethylene constituent, 
microscopic irregularity arises on the front face of the obtained polyolefine fine 
porosity film. **1 micrometers or more of thickness fluctuation of less than 1mm 
of right-and-left four way types with which this microscopic irregularity adjoins 
each other in the direction of a field of a polyolefine film front face are **1 
micrometer - **3 micrometers preferably. There is [ thickness fluctuation ] no 
effectiveness in improvement in the holdout of the electrolytic solution at less 
than **1 micrometer, the amount of the polypropylene used by this invention ~ 5- 
of the whole polyolefine ~ it is 5 - 25 % of the weight preferably 30% of the 



weight. At less than 5 % of the weight, the irregularity distributed to homogeneity 
cannot be formed and the effectiveness on an electrolytic-solution maintenance 
disposition is not seen. [ much ] Moreover, if it exceeds 30 % of the weight, the 
reinforcement of the polyolefine fine porosity film will fall remarkably, if it 
increases further, polyethylene and polypropylene will carry out phase 
separation at the time of sheet forming, and shaping will become difficult. 
[0010] The polyolefine fine porosity film of this invention mixes and carries out 
after [ melting kneading ] extrusion molding of an organic liquefied object or the 
solid-state to the resin constituent which added polypropylene to polyethylene or 
a polyethylene constituent, and is obtained by giving extract and extension. 
Moreover, even if it adds non-subtlety fine particles into the mixture of a resin 
constituent and an organic liquefied object, or a solid-state, it does not interfere 
at all. After supplying the good solvent of polyolefine to a polyolefine constituent, 
preparing the solution of a polyolefine constituent as a desirable method of 
obtaining the polyolefine fine porosity film of this invention and extruding this 
solution in the shape of a sheet from the die of an extruder, it is the approach of 
removing the solvent which cools, forms a gel constituent, carries out heating 
extension of this gel constituent, and remains after an appropriate time. 
[0011] In this invention, the solution of the polyolefine constituent used as a raw 
material is prepared by carrying out the heating dissolution of the 



above-mentioned polyolefine constituent at a solvent. As this solvent, especially 
If polyolefine can fully be dissolved, it will not be limited. For example, although 
the mineral oil fraction corresponding to these in the hydrocarbon of aliphatic 
series, such as a nonane, Deccan, an undecane, a dodecane, and a liquid 
paraffin, or a ring type or the boiling point etc. is raised, in order to obtain a gel 
moldings with a stable solvent content, the solvent of a non-volatile like a liquid 
paraffin is desirable. The heating dissolution is performed kneading with 
churning or an extruder powerfully at the temperature which polyolefine 
dissolves completely. The temperature has the desirable range of 140-250 
degrees C. Moreover, the concentration of a polyolefine solution is 10 - 40 % of 
the weight preferably ten to 50% of the weight. At less than 10 % of the weight, 
in case the amount of solvents to be used fabricates about [ not being mostly 
economical ] and in the shape of a sheet, it becomes a swell and the neck in are 
large and difficult to fabricate concentration a sheet at a dice outlet. In addition, it 
is desirable to add an antioxidant, in order to prevent oxidation of polyolefine in 
the heating dissolution. 

[0012] Next, the heating solution of this polyolefine constituent is preferably 
extruded and fabricated from a die. a die - usually - a rectangular mouthpiece - 
although the sheet die which carried out the configuration is used, a double 
cylinder-like inflation die etc. can be used. The die gap at the time of using a 



sheet die is usually 0.1-5mm, and extrusion-molding temperature is 140-250 
degrees C. Under the present circumstances, an extrusion rate is usually a part 
for part [ for 20-30cm/], and 10m/. 

[0013] Thus, the solution extruded from the die is fabricated by the gel sheet by 
cooling. As for cooling, it is desirable to carry out the above rate by 
50-degree-C/below to setting temperature at least. If a cooling rate is generally 
slow, the higher order structure of the gel sheet obtained will become coarse, 
and the false cell unit which forms it will also become big, but if a cooling rate is 
quick, it will become a dense cell unit. By 50-degree-C/, by the following, degree 
of crystallinity rises and a cooling rate cannot serve as a gel sheet suitable for 
extension easily. As the cooling approach, cold blast, cooling water, the method 
of making other cooling media contact directly, the method of making the roll 
cooled with the refrigerant contact, etc. can be used, in addition, the solution 
extruded from the die - before cooling or under cooling - desirable -1-10 ~ you 
may take over by the taking over ratio of 1-5 more preferably. It comes [ if a 
taking over ratio becomes ten or more, the neck in will become large, and / 
lifting-] to be easy of fracture at the time of extension and is not desirable. 
[0014] Next, it extends to this gel moldings. Extension heats a gel sheet and the 
combination of the usual tenter method, the rolling method, a tubular film 
process, the rolling-out methods, or these approaches performs it for a 



predetermined scale factor. Biaxial stretching is desirable although uniaxial 
stretching or biaxial stretching is sufficient as extension. Moreover, in the case of 
biaxial stretching, in-every-direction coincidence extension or any of serially 
extension is sufficient. Extension temperature is the range under of the crystal 
distribution temperature of polyolefine to a crystalline melting point preferably the 
melting point of +10 degrees C or less of polyolefine. Moreover, although draw 
magnification changes with thickness of an original fabric, in uniaxial stretching, 
more than twice are desirable and is three to 30 times more preferably. For a 
field scale factor, in biaxial stretching, 1 0 or more times is desirable, and they are 
15 to 400 times more preferably. Less than 10 times of extension are [ a field 
scale factor ] insufficient, and high elasticity and the fine porosity film of high 
intensity are not obtained. On the other hand, if a field scale factor exceeds 400 
times, constraint will arise in extension actuation etc. 

[0015] The obtained extension moldings removes the solvent which washes and 
remains with a solvent. As a washing solvent, the thing of the easy-volatility of 
ether, such as hydrocarbons fluoride, such as 3 chlorinated-hydrocarbons [, 
such as hydrocarbons, such as a pentane, a hexane, and a heptane, a 
methylene chloride, and 4 salt carbon ], ethane, etc. fluoride, diethylether, and 
dioxane, etc. can be used, these solvents are suitably chosen according to the 
solvent used for the dissolution of a polyolefine constituent, and are independent 



- or it mixes and uses. The washing approach can be performed by the 
approach which is immersed in a solvent and extracted, the approach of carrying 
out the shower of the solvent, or the approach by these combination. 
[0016] The above washing is performed until the residual solvent in an extension 
moldings becomes less than 1% of the weight. Although a washing solvent is 
dried after that, the desiccation approach of a washing solvent can be performed 
by approaches, such as stoving and an air dried. As for the dry extension 
moldings, it is desirable to carry out heat setting in the temperature requirement 
of crystal distribution temperature - the melting point. 

[0017] If the polyolefine fine porosity film manufactured as mentioned above has 
the small deflection when making it the Maki slit, and there are many amounts of 
maintenance of the electrolytic solution and it is used as a separator for cells, it 
can make the capacity high. In addition, the obtained polyolefine fine porosity 
film can perform surface qualification of hydrophilization processing of a plasma 
exposure, surfactant sinking in, a surface graft, etc. further if needed. 
[0018] 

[Example] Although an example is given to below about this invention and being 
further explained to a detail, especially this invention is not limited to an example. 
In addition, the test method in an example is as follows. 

(1) Thickness : the cross section was measured with the scanning electron 



microscope. 

(2) Thickness fluctuation : tliicl<ness distribution of tlie polyolefine fine porosity 
film was measured continuously by the 0.1 -micrometer high resolution by film 
SHIKKUNESU circuit tester KGby ANRITSU CORP.601A, and thickness 
distribution was measured. 

(3) Breaking strength : it is ASTM about the breaking strength of a width-of-face 
a strip specimen of 15mm. It measured based on D882. 

(4) Air permeability : J IS It measured based on P8117. 

(5) Deflection : the deflection when beginning to roll 60mm width efface and the 
roll which carried out the slit to the 500m volume 1m was measured. 

(6) The amount of electrolytic solutions : the amount of electrolytic solutions 
which pours in the electrolytic solution (propylene carbonate) from a side, and 
can be poured into the fine porosity film was measured, compressing a 
lOcmxIOcm sample by the ten-sheet pile and the pressure of 5kg. 

[0019] Example 1 weight average molecular weight obtained the polyolefine 
constituent with which 20 % of the weight (UHMWPE) of ultra high molecular 
weight polyethylene of 2.5x106, 60 % of the weight (HDPE) of high density 
polyethylene of 3.5x105, and weight average molecular weight added the 
antioxidant 0.375 weight section to the polyolefine constituent 100 weight 
section which the polypropylene of 5.1x105 becomes from 20 % of the weight. 



This polyolefine constituent 30 weight section was supplied to the twin screw 
extruder (58mmphi, ratio-of-iength-to-diameter=42, strong kneading type). 
Moreover, the liquid paraffin 70 weight section was supplied from the side feeder 
of this twin screw extruder, melting kneading was carried out by 200rpm, and the 
polyolefine solution was prepared in the extruder. 

[0020] Then, it extruded at 190 degrees C from the T die installed at the tip of 
this extruder, and the gel sheet was fabricated while the cooling roller took over. 
Then, coincidence biaxial extension was performed for this gel sheet to 5x5 at 
115 degrees C, and the extension film was obtained. After carrying out extract 
removal of the liquid paraffin which washes the obtained extension film with a 
methylene chloride, and remains, desiccation and heat treatment were 
performed and the polyolefine fine porosity film was obtained. The result of 
physical-properties evaluation of this polyolefine fine porosity film is shown in 
Table 1. 

[0021] In example 2 example 1, the fine porosity film was obtained like the 
example 1 except having changed into the value which shows the amount of a 
resin constituent and the liquid paraffin used in Table 1. The result of 
physical-properties evaluation of the obtained polyolefine fine porosity film is 
shown in Table 1 . 

[0022] In example 3 example 1, the fine porosity film was obtained like the 



example 1 except having changed into the value which shows the amount of the 
polypropylene used In Table 1 . The result of physical-properties evaluation of 
the obtained polyolefine fine porosity film is shown in Table 1 . 
[0023] In example 4 example 1, the fine porosity film was obtained like the 
example 1 except having changed into the value which shows the molecular 
weight and the amount of the polypropylene used in Table 1. The result of 
physical-properties evaluation of the obtained polyolefine fine porosity film is 
shown in Table 1. 

[0024] In example of comparison 1 example 1, the fine porosity film was 
obtained like the example 1 except not using polypropylene. The result of 
physical-properties evaluation of the obtained polyolefine fine porosity film is 
shown in Table 1. 

[0025] Microscopic irregularity has arisen on the film front face, the polyolefine 
fine porosity film of this invention illustrated by examples 1-4 has little deflection 
at the time of shaping, and there are many amounts of electrolytic-solution 
maintenance so that clearly from Table 1. On the other hand, the polyethylene 
fine porosity film from the constituent which does not add polypropylene does 
not have microscopic irregularity in a film front face, the deflection at the time of 
shaping is large, and there are few amounts of electrolytic-solution maintenance 
(example 1 of a comparison). 
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[Table 1] 







m m 


m 








1 


2 


3 


4 


1 


UHMWPE(Mw) 

HDPE(«») 


z.sxio^ao) 

3,5xl0=(6O) 


2.5XiO'(20) 
3.5X10'(70) 


2.5X10''(20) 
3.5X10^(70) 


2.5X10^20) 
3.5X10'(80) 


2.5X10"(20) 
3,3X19°(60) 


Mw (fia%) 


5. 1x10^(20) 


5. 1X10^(10) 


5. IXIO'(IO) 


1. 5x10^(20) 




mmmmmm%} 


30 


40 


30 


30 


30 




70 


60 


70 


70 


70 


tag iv) 
mm 


US 


lis 

5X5 


115 
5X5 


115 
5X5 


115 
5X5 


mmmm MD/TD (kg/ci") 

isas(wioDcc) 

(g) 


25.5 
1.35 
1100/950 

550 

1 

0. 96 


26 

1. 10 
1210/1010 
690 
1. 5 
0.73 


26.8 

1.20 
1160/990 
705 
2-2 
0. 84 


26. 8 
L 15 
965/830 
6B2 
2.2 
0.79 


25 

0. 49 
I250/U3O 
730 
8 

0.4 
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[Effect of the Invention] Its deflection at the time of shaping can be small, and 
there are many amounts of electrolytic-solution maintenance, since the 
polyolefine fine porosity film of this invention is in high intensity and high 
permeability, its safety is high, and when using as a separator for high capacity 
lithium cells, it can greatly be trusted in respect of safety. 



